There has been a long-standing interest in the assessment of the neurobehavioral integrity of the newborn infant. The NICU Network Neurobehavioral Scale (NNNS) was developed as an assessment for the at-risk infant. These are infants who are at increased risk for poor developmental outcome because of insults during prenatal development, such as substance exposure or prematurity or factors such as poverty, poor nutrition or lack of prenatal care that can have adverse effects on the intrauterine environment and affect the developing fetus. The NNNS assesses the full range of infant neurobehavioral performance including neurological integrity, behavioral functioning, and signs of stress/abstinence. The NNNS is a noninvasive neonatal assessment tool with demonstrated validity as a predictor, not only of medical outcomes such as cerebral palsy diagnosis, neurological abnormalities, and diseases with risks to the brain, but also of developmental outcomes such as mental and motor functioning, behavior problems, school readiness, and IQ. The NNNS can identify infants at high risk for abnormal developmental outcome and is an important clinical tool that enables medical researchers and health practitioners to identify these infants and develop intervention programs to optimize the development of these infants as early as possible. The video shows the NNNS procedures, shows examples of normal and abnormal performance and the various clinical populations in which the exam can be used.
Introduction
There has been a long-standing interest in the assessment of the neurobehavioral integrity of the newborn infant. From a scientific point of view, the study of newborn neurobehavior could inform models of the developmental origins of later behavioral outcomes. From a practical point of view, the early detection of infants with poor developmental outcome would invite the study of preventive interventions that could ameliorate or reduce the severity of long term developmental deficits.
The NICU Network Neurobehavioral Scale (NNNS) 1 was developed as an assessment for the at-risk infant and is used in research and clinical practice. These are infants who are at increased risk for poor developmental outcome because of insults during prenatal development, such as substance exposure or prematurity or factors such as poverty, poor nutrition or lack of prenatal care that can have adverse effects on the intrauterine environment and affect the developing fetus. However, its formulation was based on a developmental perspective emphasizing normative neurobehavior and its variation, and derailing effects of risk conditions. Thus, the NNNS was meant to have broad applicability. It assesses the full range of infant neurobehavioral performance including neurological integrity, behavioral functioning, and signs of stress/ abstinence. The neurologic component includes active and passive tone, primitive reflexes, and items that reflect the integrity of the central nervous system and maturity of the infant. 2, 3 The behavior component adapted items from the Neonatal Behavioral Assessment Scale (NBAS). 4 The stress/abstinence component is a checklist of 'yes' or 'no' items organized by organ system based on the work of Finnegan 5 and observations of behavioral signs in at-risk infant populations such as preterm infants. These neurobehavioral items are framed by the concept of behavioral states of organization (sleep to distress) because of their moderating effect on behavior and because they in and of themselves and their dynamics index central nervous system integrity. By including evaluations of classical reflexes, tone, posture, social and self-regulatory competencies, as well as signs of stress and withdrawal, and state organization, the NNNS examination is sensitive to a broad range of behaviors that high-risk infants present and can be used for a variety of infants and for infants of varying gestational ages.
5. Power of Active Arm Movements: grasp the wrist of the moving hand between your index and middle fingers and apply gentle resistance to the infant's movement. 6. Record active movements against gravity as none, minimal, moderate, or strong. 7. Rooting: With one hand hold the infant's hands against his or her chest. With the other hand, stroke the skin at the corners of the infant's mouth. 8. Record response as none, turn away from, weak, full or exaggerated head turn toward stimulated side. 9. Grasp of Hands: Place index finger in the palm of the infant's hand and press the palmar surface without touching the back of the hand.
Repeat with the infant's other hand. 10. Record response as none, weak, strong or prolonged. 11. Truncal Tone: Place one hand under the infant's buttocks and hold the back of the infant's head at the neck with the other hand. Lift the infant a few inches above the surface of the crib so that the buttocks do not touch the surface. Gently flex the infant's trunk by bringing the head forward and bringing the infant to a sitting position. 12. Record the tone of the trunk as no tone, some tone, good tone or exaggerated tone. 13. Pull to Sit: Hold the infant's wrists/forearms with your hands. With the infant's arms extended, pull the infant to a seated position. 14. As infant is pulled to sit, observe if there is muscular resistance to stretching the neck and if the infant attempts to right head into a position that is in midline of the trunk and parallel to the body. 
Upright Responses

Orientation/Attention
Administer the orientation items as you sit in a chair with the infant resting on your lap. Have the infant at a slight upward angle.
1. Inanimate Visual: Hold the red ball approximately 10-12 inches from the infant's eyes. Jiggle the ball to find the infant's focal range. Then, slowly move the ball horizontally from one side to the other. If the eyes and head follow to at least one side, move the ball vertically and in an arc to see if the infant will continue to follow. 2. Inanimate Visual and Auditory: Gently shake the red rattle approximately 10-12 inches from the infant's eyes. Slowly move the rattle horizontally from one side to the other. If the eyes and head follow to at least one side, move the rattle vertically and in an arc to see if the infant will continue to follow. 3. Animate Visual: Place your face 12-18 inches in front of the infant's face. Slowly move from one side to the other. If the eyes and head follow to at least one side, move your face vertically and in an arc to see if the infant will continue to follow. 4. Animate Visual and Auditory: Speak in a soft, slightly higher pitched voice, with your face 12-18 inches in front of the infant's face. Slowly move from one side to the other. If the eyes and head follow to at least one side, move your face vertically and in an arc to see if the infant will continue to follow. 5. For 9.1, 9.2, 9.3 and 9.4, record infants ability to become alert, focus on the object, follow with eyes and head horizontally or vertically and to coordinate head and eye movements. 6. Inanimate Auditory: Shake the rattle continuously, 6-12 inches from the infant's ear and out of sight. Repeat so there are two trials on each side. 
Infant Spin
Summary Items
Throughout the exam, observe and record the following: quality of infant's alertness and responsiveness, general tone, motor maturity, consolability maneuvers required, level of arousal, irritability, spontaneous and elicited activity, amount of tremors and startles, lability of skin color and state, predominate state, hand to mouth efforts and self-quieting efforts.
Summary Scores
Analysis of the NNNS is based on previously established summary scores 1 or scales measuring habituation, attention, need for handling, quality of movement, self-regulation, non-optimal reflexes, asymmetric reflexes, arousal, hypertonicity, hypotonicity, excitability, lethargy, and stress/ abstinence. The requisite psychometric properties of these scales have been well documented including inter-examiner reliability, internal consistency, discriminant, construct, and predictive validity 1 including norms for healthy term infants. 6, 7 The summary scores have also been consolidated into profiles or typologies (described below) that classify infants into discrete categories.
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Representative Results
Overview of Research and Clinical Applications of the NNNS
Research
Here we provide a summary of published studies using the NNNS for research across a wide range of infant populations. Infants with prenatal exposure to a wide range of substances consistently show poorer performance on the NNNS. Illegal and legal substances of abuse include cocaine, 11, 12 opiates, 11 methamphetamine, 13, 14 marijuana, 15 alcohol, 11 and tobacco. [16] [17] [18] Both prenatal tobacco and postnatal exposure to secondary smoke were related to poorer NNNS scores and ethnicity. 19 Infants with prenatal cocaine and opiate exposure show low respiratory sinus arrhythmia during visual attention on the NNNS. 20 The exam is also sensitive to more subtle prenatal exposures, such as bisphenol A, phthalates and chemicals used in the production of synthetic materials found in normal populations. 21 Other prenatal exposure studies are treatment studies. Infants who required pharmacologic treatment for NAS (neonatal abstinence syndrome or withdrawal symptoms) showed more dysregulated behavior on the NNNS than those without NAS. 22, 23 Infants treated for NAS with opiates and phenobarbital had better NNNS scores than those treated with opiates alone. 24 Performance on the NNNS was better in infants with NAS due to treatment during pregnancy with buprenorphine vs. methadone in heroin addicted mothers. 23, 24 Maternal depression during pregnancy is often treated with serotonin reuptake inhibitors (SRIs) resulting in negative findings on the NNNS. 25 Thus the NNNS is capable of detecting not only strong (e.g., opiate) drug effects but subtle drugs effects as well, discriminating, infants who develop NAS from those who will not, infants who show milder withdrawal-like (SRIs) signs as well as effects of chemicals in the normal environment. Figure 1 . In studies of other at risk populations, the NNNS has been shown to be sensitive to intrauterine growth restriction 35 cardiac surgery, 36 maternal depression in mothers who used cocaine during pregnancy, 25 and infants of adolescent mothers. 37 Please click here to view a larger version of this figure.
Although we have been able to link prenatal factors to newborn neurobehavior we do not know the mechanisms responsible for these effects. One possibility is through epigenetic mechanisms such as DNA methylation that regulate gene expression. For example, reduced activity of the glucocorticoid receptor gene in the placenta due to DNA methylation can increase fetal exposure to cortisol and alter newborn neurobehavior. In recent work, NNNS scores have been related to epigenetic alterations of several candidate genes in the placenta, 10, 38-40 as well as genome wide epigenetic effects. 41 Growth restriction 42 and maternal depression during pregnancy 43 are also related to epigenetic alterations in placental genes that in turn affect NNNS scores. These studies provide insight into molecular mechanisms related to newborn neurobehavior that could have long term implications for behavioral development 30, 44, 45 including the development of mental health disorders. 46, 47 The NNNS has also been used with normal, healthy infants to examine methodological issues 7, 48 and describe the range of variability of newborn neurobehavior in this population. 6, 7 These studies provide normative data for comparisons with other populations. They are also key because they show that normal healthy infants are not a homogeneous population; that their neurobehavioral organization is affected by factors in environments not usually associated with risk. In other normative samples, the exam has been used in relation to fetal behavior, 49 and infant temperament. 50, 51 Thus, although the NNNS was designed for high risk infants it also appears to be sensitive to neurobehavioral variability in low risk populations as well.
Clinical Applications
In clinical settings such as hospital nurseries, neonatal follow-up clinics, drug treatment programs and early intervention programs, the NNNS examination can be used to help with the management and developmental care plan of the infant and to inform caregivers of specific strengths and vulnerabilities of high risk infants. In our hospital (Women and Infants Hospital of Rhode Island) and increasingly in other hospitals, the exam is part of standard care in the NICU and some hospitals, including ours, use the assessment as part of standard care for infants undergoing neonatal abstinence syndrome due to maternal use of opiates during pregnancy. The importance of the NNNS for nursing has been well described by Sullivan et al. 52 They note that newborn assessment has become more critical with the increased acuity and complex care needed especially in the NICU. Suggestions for clinical interpretation of NNNS summary scores are available, 34 along with various formats for reporting clinical observations. Summary scores can be calculated and compared with percentile scores and/or described in a clinical narrative with recommendations for treatment. Initial NNNS observations provide a baseline for developing a symptom oriented care plan to help with the management of the infant and empower the caregiver's parenting ability. The exam provides an excellent opportunity for professionals to partner with parents in observing the infant's competencies and needs, and in formulating a plan for developmental intervention. Thus, consultation with the NNNS is a collaborative process, that is driven by the infants neurobehavioral functioning. Since the medical and neurobehavioral status of the infant is evolving, it is preferable for the NNNS examination to be repeated over time or for consultation sessions to be done in a regularly scheduled series. An exam near to the time of discharge can be particularly helpful to families as they are better prepared to take the infant home when they appreciate the strengths and vulnerabilities of the infant. This helps them read the infant's cues and signals, bolsters their confidence in parenting and helps in the developing parent-infant relationship. An exam at this time is also useful to inform discharge planning with recommendations for follow up clinics, community pediatricians and early intervention programs.
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Discussion
Approximately 5 to 10% of the pediatric population has a developmental disability. 54 The NNNS can identify infants at high risk for abnormal developmental outcome and is an important clinical tool that enables medical researchers and health practitioners to identify these infants and develop intervention programs to optimize the development of these infants as early as possible.
The NNNS is a noninvasive neonatal assessment tool that has shown to be sensitive to a wide range of populations including risk for poor developmental outcome, treatment, quality of developmental care in the NICU, epigenetic changes and variability in normal newborn neurobehavior. The exam has predictive validity, not only of medical outcomes such as cerebral palsy, neurological abnormalities, and diseases with risks to the brain, but also of developmental outcomes such as mental and motor functioning, behavior problems, school readiness, and IQ.
The American Academy of Pediatrics has called for a referral to early intervention or special education following a positive screening result. A diagnosis is not required for such a referral. 55 The NNNS profiles specify the neurobehavioral deficits associated with poor outcome that could serve as target behaviors for the development of preventive interventions to reduce or ameliorate these deficits. The NNNS profiles enable us to identify, from the larger pool of infants who are already at risk, which infants are at highest risk and affording better use of increasingly limited resources.
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